Water and nitrogen supply are often the most critical factors limiting growth and yield in crop production. A The RPA x N rate interaction affected partial factor productivity (PFPN) in 2006.
Introduction
Grain sorghum is tolerant of soil water deficits and efficient in soil nutrient uptake due to its fibrous root system. However, sorghum yield potential can be substantially reduced when water and N are limited. Nitrogen uptake by sorghum is affected by several factors including N availability, soil water availability, soil organic matter, soil chemical and physical properties, previous crop, and genotype (Wortmann et al., 2007; Gardner et al., 1994) .
Sorghum is typically grown under dryland conditions
and soil water deficits increase the risk of yield loss potential and limits yield response to fertilizer application. Nitrogen deficiencies can reduce water use efficiency due to reduced yield potential and greater soil evaporation (Fisher and Turner, 1979) . In highly variable environments inherent to dryland cropping systems, variable N mineralization from soil organic matter and crop residues challenges prediction of an optimal N application rate (Schlegel et al., 2005) .
Nitrogen fertilizer recommendations for conventional planting in Nebraska are based on yield goals, soil organic matter level, and residual soil nitrate-N (Shapiro et al., 2009) . To improve soil water availability and avoid water stress, skip-row configurations have been used elsewhere with success (Routley et al., 2003; Abunyewa et al., 2010; Abunyewa et al., 2011) .
Different row configurations may influence plant can-
opy architecture, root distribution, N and water availability, uptake and utilization (Routley et al., 2006) .
A key component in crop production is to achieve the greatest ratio of harvested dry weight to water and/or N use, referred to as water use efficiency (WUE) and N use efficiency (NUE). Nitrogen use efficiency has several components such as recovery and agronomic efficiency (Dobermann 2005; Mosier et al., 2004; Cassman et al., 2002) . Improving NUE is important to reduce the cost of producing a crop since N is a costly crop production input.
The objectives of this study were to evaluate the effects of row planting arrangement, N rate and plant population on sorghum grain yield and N use efficiency in a rain-fed environment.
Materials and Methods
The Stover and grain N uptake were calculated by multiplying the dry weight of stover and grain by the N concentration.
Five components of NUE (Cassman et al., 2002; Baligar et al., 2001) were calculated: 
Statistical analyses
Statistical analyses were performed using PROC MIXED procedure of SAS 9.1 (SAS Institute, 2007).
Planting arrangement and N rates were treated as fixed effects, and replication was treated as a random effect. Fisher's protected LSD test was used to separate treatment means at P ≤ 0.05.
Results

Initial soil analysis
In all three years, the mean soil bulk density was 1.15 g cm-3 in the top 0 to 300 mm depth and 1.24 g cm ), while the remaining measured parameters such as organic matter, available phosphorus and exchangeable potassium were similar.
Effects of climate, in-season precipitation and reference evapotranspiration
During the study period, mean weather conditions were similar to the 20-year average. The excess of evapotranspiration (ET) over precipitation, referred to as climatic deficit (Olufayo et al., 1996) 
Stover and grain yield
Mean stover yield over N rate was 15.5 and 13. Figures 2C and D) .
Nitrogen concentration, uptake and use efficiency
Stover and grain N concentration at physiological maturity were not affected by the 2-and 3-way interactions of RPA, PP and N rate in - 
Discussion
According to Stone et al., (1996) , water deficit at half bloom stage of grain sorghum will affect grain yield more than water deficit in the vegetative or grain fill stages. The relatively high climatic deficit observed at vegetative and half bloom stages could be attributed to low in-season precipitation and uneven distribution of rainfall events. Sorghum was planted each year when soil water was adequate to ensure good plant establishment. The stired soil water met evaporative demands, thus eliminating any adverse effect of soil water deficit at the half bloom stage. Moreover, moderately dry periods may not affect grain yield since sorghum is noted for its ability to withstand dry conditions (Shackel and Hall, 1984) . Initial stored soil water and in-season precipitation supported high biomass production with s0 resulting in greater grain yield compared to both s1 and s2 (Abunyewa et al., 2010; Abunyewa et al., 2011) .
The low response to higher N (above 50 kg N/ha) with the skip row configuration agrees with other research findings that in high yielding environments, yield potential can be significantly reduced when using wider rows due to the inability of the plant canopy to completely cover the ground area and efficiently utilize available net solar radiation (Myers and Foale, 1981; Holland and McNamara, 1982) . Though Wortmann et al., (2007) and Varvel and Wilhelm (2003) reported yield response of grain sorghum to increased N rate, the relatively low response to N rate observed in 2006 may be attributed to the overall low in-season precipitation (82% of long term average) and the higher climatic deficit (-313 mm) at vegetative and half bloom stages. Kamoshita et al., (1998) , reported that increased N application resulted in increased grain N concentration in grain sorghum. Similar observation have been made with N concentration in grassland yield and maize (Ortega et al., 2016; Chen et al., 2015) . As N rate increased, the amount of N translocated from bio- Hirel et al., (2007) , after flowering, the amount of N accumulated in the plant biomass is remobilized and translocated to the grain.
According to Dobermann (2005) , PFP N is the most useful component of NUE to farmers because it integrates the use efficiency of both indigenous and applied N resources. Other studies with grain sorghum found similar reductions in NUE components with increased N rate (Wortmann et al., 2007; Buah et al., 1998) . Lower NUE with skip-row is related to reduced yield, likely due to the lack of full canopy cover with skip-row configurations, limiting the ability of the crop to fully utilize solar energy for photosynthetic processes. Since water stress was not observed in this study, differences in NUE can be attributed to under-utilization of N and other resources such as solar radiation. According to Cechin (2004) , water stress in sorghum will reduce N concentration, stomatal conductance, transpiration and photosynthetic rate compared with well watered plants. Sorghum cultivar and management differences can also affect NUE (Gardner et al., 1994; Sow et al., 1998) .
Conclusions
Rainfall is normally adequate in South-Central Nebraska such that s0 yields are likely to be higher than s1 and 
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